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AppendixA

MECS Data for the Pulp and Paper, Chemical Manufacturing, and
Petroleum Refining Industries

This appendix contains energy use estimates based on the Manufacturing Energy
Consumption Survey 1994 (MECS). Although much of the data was taken directly
from MECS, in several cases, data that was missing or omitted had to be inferred.
The process of inferring this data required making assumptions about the industry.
These assumptions were developed from knowledge of the industry and from data
contained in other parts of MECS.

Additionally, each industry segment has a “Calculated Boiler Fuel” entry. This rep-
resents the total of three fuel sources: indirect boiler fuel, a portion of the fuel ener-
gy in the “End Use Not Reported,” and conventional electricity generation.

Another calculated result is the “Steam as a % of Total Energy.” This value is

determined by dividing “Calculated Boiler Fuel” by the total energy used by that
industry segment.
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Z-xdy

Pulp and Paper Industry Energy Use

Inputs (Trillion Btu)
Industry/Process SIC Net Electricity Residual F.0.* Distillate F.0.* Natural Gas LPG** Coal Other Total
Paper and Allied Products 26
Total Inputs 223 173
Boiler Fuel (Indirect Uses) 5 138
Total Process (Direct Uses) 191 32
Process Heating 6
Process Cooling and Refrigeration 3
Machine Drive 179
Electro-Chemical 0
Other 3
Total Non-Process (Direct Uses) 24
Facility HVAC 11
Facility Lighting 10
Facility Support
On-Site Transportation
Conventional Electricity Generation
Other Non-Process Use
End Use Not Reported
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1,343 1,356

Pulp Mills 2611
Total Inputs
Boiler Fuel (Indirect Uses)
Total Process (Direct Uses)
Process Heating
Process Cooling and Refrigeration
Machine Drive
Electro-Chemical
Other
Total Non-Process (Direct Uses)
Facility HVAC
Facility Lighting
Facility Support
On-Site Transportation
Conventional Electricity Generation
Other Non-Process Use
End Use Not Reported
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190 191

*Fuel Oil Table continues next page
**Liquefied Petroleum Gas
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= Pulp and Paper Industry Energy Use

S Inputs (Trillion Btu)

g Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total

§‘ Paper Mills 2621

= Total Inputs 117 94 4 271 2 195 609 1,292

§- Boiler Fuel (Indirect Uses) 1 76 2 195 0 185 0 459

< Total Process (Direct Uses) 106 17 1 48 1 5 0

g Process Heating 1 17 1 44 1 3 0

. Process Cooling and Refrigeration 1 0 0 0 0 0 0

E.? Machine Drive 102 1 0 0 0 3 0

S Electro-Chemical 0 0 0 0 0 0 0

g Other 2 0 0 0 0 0 0

3 Total Non-Process (Direct Uses) 8 0 1 26 1 5 0

% Facility HVAC 4 0 0 3 0 5 0

§: Facility Lighting 3 0 0 0 0 0 0

= Facility Support 1 0 0 0 0 0 0

E On-Site Transportation 0 0 1 0 1 0 0

§_ Conventional Electricity Generation 0 0 0 23 0 0 0 23

ﬁ Other Non-Process Use 0 0 0 0 0 0 0

%- End Use Not Reported 2 0 0 2 0 0 609 613

©® >

=

= Paperboard Mills 2631 =

'g Total Inputs 46 50 2 199 0 101 531 930 §_

§~ Boiler Fuel (Indirect Uses) 2 39 1 150 0 96 0 288 ;

g' Total Process (Direct Uses) 40 9 0 36 0 3 0 e

% Process Heating 1 0 0 31 0 0 0 R
Process Cooling and Refrigeration 0 0 0 0 0 0 0 )
Machine Drive 38 0 0 0 0 0 0 §
Electro-Chemical 0 0 0 0 0 0 0 :
Other 0 0 0 0 0 0 0 =
Total Non-Process (Direct Uses) 3 0 1 12 0 3 0 ®
Facility HVAC 1 0 0 0 0 0 0 =
Facility Lighting 2 0 0 0 0 0 0 ?,
Facility Support 0 0 0 0 0 0 0 5‘
On-Site Transportation 0 0 1 0 0 0 0 ™m
Conventional Electricity Generation 0 0 0 9 0 0 0 9 c=b
Other Non-Process Use 0 0 0 0 0 0 0 é
End Use Not Reported 1 0 0 2 0 0 531 534 vQ;
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Chemical Manufacturing Industry Energy Use
Inputs (Trillion Btu)

Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total
Chemicals and Allied Products 28

Total Inputs 520 60 13 1,895 0 257 519 3,273

Boiler Fuel (Indirect Uses) 8 37 7 931 1 245 0 1,229

Total Process (Direct Uses) 463 18 0 707 2 10 0

Process Heating 21 18 2 638 1 0 0

Process Cooling and Refrigeration 32 0 0 11 0 0 0

Machine Drive 340 0 1 39 0 0 0

Electro-Chemical 70 0 0 0 0 0 0

Other 1 0 0 20 0 0 0

Total Non-Process (Direct Uses) 43 0 3 230 1 0 0

Facility HVAC 21 0 0 17 0 1 0

Facility Lighting 16 0 0 0 0 0

Facility Support 4 0 0 0 0 0

On-Site Transportation 0 0 2 1 0 0

Conventional Electricity Generation 0 0 0 207 0 0 0 207

Other Non-Process Use 1 0 0 3 0 0 0

End Use Not Reported 6 5 0 27 0 2 519 559
Alkalies and Chlorine 2812

Total Inputs 46 0 0 53 0 0 30 129

Boiler Fuel (Indirect Uses) 0 0 0 51 0 0 0 51

Total Process (Direct Uses) 45 0 0 2 0 0 0

Process Heating 0 0 0 0 0 0 0

Process Cooling and Refrigeration 0 0 0 0 0 0 0

Machine Drive 4 0 0 0 0 0 0

Electro-Chemical 4 0 0 0 0 0 0

Other 0 0 0 0 0 0 0

Total Non-Process (Direct Uses) 0 0 0 0 0 0 0

Facility HVAC 0 0 0 0 0 0 0

Facility Lighting 0 0 0 0 0 0 0

Facility Support 0 0 0 0 0 0 0

On-Site Transportation 0 0 0 0 0 0 0

Conventional Electricity Generation 0 0 0 0 0 0 0 0

Other Non-Process Use 0 0 0 0 0 0 0

End Use Not Reported 0 0 0 0 0 0 30 30

Table continues next page
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2 Chemical Manufacturing Industry Energy Use
S Inputs (Trillion Btu)
g Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total
§‘ Inorganic Pigments 2816
= Total Inputs 8 0 0 26 0 0 5 40
§- Boiler Fuel (Indirect Uses) 0 0 0 10 0 0 0 10
< Total Process (Direct Uses) 8 0 0 11 0 0 0
= Process Heating 0 0 0 11 0 0 0
. Process Cooling and Refrigeration 0 0 0 0 0 0 0
E.? Machine Drive 5 0 0 0 0 0 0
S Electro-Chemical 0 0 0 0 0 0 0
g Other 0 0 0 0 0 0 0
| Total Non-Process (Direct Uses) 0 0 0 0 0 0 0
§ Facility HVAC 0 0 0 0 0 0 0
§: Facility Lighting 0 0 0 0 0 0 0
= Facility Support 0 0 0 0 0 0 0
"; On-Site Transportation 0 0 0 0 0 0 0 %
g_ Conventional Electricity Generation 0 0 0 0 0 0 0 0 :g
3 Other Non-Process Use 0 0 0 0 0 0 0 ":b
%- End Use Not Reported 0 0 0 5 0 0 5 10 =3
(7 >
=
.:g Industrial Inorganic Chemicals, nec. 2819 g
'g Total Inputs 144 4 0 140 0 32 23 344 @
§~ Boiler Fuel (Indirect Uses) 0 1 1 73 0 26 0 101 §
g' Total Process (Direct Uses) 140 3 0 63 0 0 0 =3
“@ Process Heating 7 3 0 61 0 0 0 =
Process Cooling and Refrigeration 1 0 0 0 0 0 0 §
Machine Drive 118 0 0 0 0 0 0 =
Electro-Chemical 14 0 0 0 0 0 0 2..
Other 0 0 0 0 0 0 0 x,
Total Non-Process (Direct Uses) 4 0 0 4 0 0 0 tg
Facility HVAC 2 0 0 2 0 0 0 =3
Facility Lighting 1 0 0 0 0 0 0 ?,
Facility Support 1 0 0 0 0 0 0 5‘
On-Site Transportation 0 0 0 0 0 0 0 ™m
Conventional Electricity Generation 0 0 0 2 0 0 0 2 c=b
Other Non-Process Use 0 0 0 0 0 0 0 S
End Use Not Reported 0 0 0 0 0 0 23 23 s
@®

Table continues next page
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Chemical Manufacturing Industry Energy Use

Inputs (Trillion Btu)
Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total
Plastics Materials and Resins 2821
Total Inputs 56
Boiler Fuel (Indirect Uses) 1
Total Process (Direct Uses) 48
Process Heating
Process Cooling and Refrigeration
Machine Drive
Electro-Chemical
Other
Total Non-Process (Direct Uses)
Facility HVAC
Facility Lighting
Facility Support
On-Site Transportation
Conventional Electricity Generation
Other Non-Process Use
End Use Not Reported
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Synthetic Rubber 2822
Total Inputs
Boiler Fuel (Indirect Uses)
Total Process (Direct Uses)
Process Heating
Process Cooling and Refrigeration
Machine Drive
Electro-Chemical
Other
Total Non-Process (Direct Uses)
Facility HVAC
Facility Lighting
Facility Support
On-Site Transportation
Conventional Electricity Generation
Other Non-Process Use
End Use Not Reported
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2 Chemical Manufacturing Industry Energy Use

S Inputs (Trillion Btu)

g Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total

§‘ Organic Fibers, Noncellulosic 2824

= Total Inputs 24 9 1 M 0 35 4 114

§- Boiler Fuel (Indirect Uses) 0 5 0 32 0 35 0 72

< Total Process (Direct Uses) 20 5 0 3 0 0 0

= Process Heating 0 5 0 0 0 0 0

. Process Cooling and Refrigeration 3 0 0 0 0 0 0

E.? Machine Drive 13 0 0 0 0 0 0

S Electro-Chemical 0 0 0 0 0 0 0

g Other 0 0 0 0 0 0 0

| Total Non-Process (Direct Uses) 4 0 0 2 0 0 0

% Facility HVAC 2 0 0 0 0 0 0

§: Facility Lighting 1 0 0 0 0 0 0

= Facility Support 0 0 0 0 0 0 0

bl On-Site Transportation 0 0 0 0 0 0 0 %

§_ Conventional Electricity Generation 0 0 0 0 0 0 0 0 :g

ﬁ Other Non-Process Use 0 0 0 0 0 0 0 '-'=D

%- End Use Not Reported 0 0 0 4 0 0 4 8 =3

(7 >

=

.:g Cyclic Crudes and Intermediates 2865 g

'g Total Inputs 16 14 1 98 1 0 25 155 @

g_ Boiler Fuel (Indirect Uses) 1 14 1 65 0 0 0 81 §

g' Total Process (Direct Uses) 13 0 0 26 0 0 0 =3

“@ Process Heating 2 0 0 25 0 0 0 =
Process Cooling and Refrigeration 2 0 0 0 0 0 0 §
Machine Drive 9 0 0 0 0 0 0 =
Electro-Chemical 0 0 0 0 0 0 0 2..
Other 0 0 0 0 0 0 0 x,
Total Non-Process (Direct Uses) 2 0 0 5 0 0 0 tg
Facility HVAC 1 0 0 0 0 0 0 =3
Facility Lighting 1 0 0 0 0 0 0 ?,
Facility Support 0 0 0 0 0 0 0 5‘
On-Site Transportation 0 0 0 0 0 0 0 ™m
Conventional Electricity Generation 0 0 0 4 0 0 0 4 c=b
Other Non-Process Use 0 0 0 0 0 0 0 S
End Use Not Reported 0 0 0 2 0 0 25 28 s
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Chemical Manufacturing Industry Energy Use %
Inputs (Trillion Btu) 'g
Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total §_
Industrial Organic Chemicals, nec. 2869 >3
Total Inputs 64 5 2 837 1 92 369 1,370 =
Boiler Fuel (Indirect Uses) 1 0 1 387 0 0 0 389 X
Total Process (Direct Uses) 55 1 0 285 1 0 0 '-'S"
Process Heating 0 1 0 249 0 0 0 S
Process Cooling and Refrigeration 9 0 0 4 0 0 0 2
Machine Drive 40 0 0 28 0 0 0 §
Electro-Chemical 3 0 0 0 0 0 0 -§
Other 0 0 0 4 0 0 0 )
Total Non-Process (Direct Uses) 7 0 1 153 0 0 0 E-
Facility HVAC 3 0 0 3 0 0 0 §
Facility Lighting 3 0 0 0 0 0 0 'E
Facility Support 1 0 0 0 0 0 g.
On-Site Transportation 0 0 0 0 0 0 =
Conventional Electricity Generation 0 0 0 147 0 0 0 147 .5'
% Other Non-Process Use 0 0 0 0 0 0 0 En
g End Use Not Reported 2 0 0 1 0 0 369 383 @
S
L . _ <
1] Nitrogenous Fertilizers 2873 ()
"'s" Total Inputs 13 0 0 267 0 0 5 286 ®
o Boiler Fuel (Indirect Uses) 0 0 0 72 0 0 0 72
§ Total Process (Direct Uses) 12 0 0 185 0 0 0
g.. Process Heating 1 0 0 177 0 0 0
§ Process Cooling and Refrigeration 1 0 0 5 0 0 0
F Machine Drive 10 0 0 2 0 0 0
% Electro-Chemical 1 0 0 0 0 0 0
g Other 0 0 0 2 0 0 0
7 Total Non-Process (Direct Uses) 1 0 0 2 0 0 0
§ Facility HVAC 0 0 0 0 0 0 0
=1 Facility Lighting 0 0 0 0 0 0 0
§: Facility Support 0 0 0 0 0 0 0
= On-Site Transportation 0 0 0 0 0 0 0
® Conventional Electricity Generation 0 0 0 2 0 0 0 2
D Other Non-Process Use 0 0 0 0 0 0 0
) End Use Not Reported 0 0 0 8 0 0 5 13
S
)
=
|
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Petroleum Refining Energy Use

Inputs (Trillion Btu)

Industry/Process SIC Net Electricity Residual F.0. Distillate F.0. Natural Gas LPG Coal Other Total
Petroleum and Coal Products 29

Total Inputs 121 72 21 811 47 6 2,179 3,263

Boiler Fuel (Indirect Uses) 0 37 2 255 10 0 0 304

Total Process (Direct Uses) 104 29 16 469 35 6 0

Process Heating 3 29 14 451 32 6 0

Process Cooling and Refrigeration 6 0 0 0 0 0 0

Machine Drive 96 0 0 12 1 0 0

Electro-Chemical 0 0 0 0 0 0 0

Other 0 0 0 6 0 0 0

Total Non-Process (Direct Uses) 9 0 2 81 1 0 0

Facility HVAC 4 0 0 5 0 0 0

Facility Lighting 4 0 0 0 0 0 0

Facility Support 1 0 0 1 0 0 0

On-Site Transportation 0 0 2 0 0 0 0

Conventional Electricity Generation 0 0 0 74 0 0 0 74

Other Non-Process Use 0 0 0 0 0 0 0

End Use Not Reported 8 6 2 6 2 0 2,179 2,203
Petroleum Refining 2911

Total Inputs 114 68 1 756 47 0 2,161 3,153

Boiler Fuel (Indirect Uses) 7 35 1 243 9 0 0 295

Total Process (Direct Uses) 99 28 5 430 33 0 0

Process Heating 2 28 5 414 Bil 0 0

Process Cooling and Refrigeration 6 0 0 3 1 0 0

Machine Drive 91 0 0 10 1 0 0

Electro-Chemical 0 0 0 0 0 0 0

Other 0 0 0 8 0 0 0

Total Non-Process (Direct Uses) 8 0 0 78 0 0 0

Facility HVAC 4 0 0 2 0 0 0

Facility Lighting 3 0 0 0 0 0 0

Facility Support 1 0 0 1 0 0 0

On-Site Transportation 0 0 0 0 0 0 0

Conventional Electricity Generation 0 0 0 74 0 0 0 74

Other Non-Process Use 4 0 0 0 0 0 0

End Use Not Reported 0 5 0 6 5 0 2,161 1,313
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APPENUIXSH I

Discussion of Assumptions Used in Assessing Energy Data for the Pulp
and Paper, Chemical Manufacturing, and Petroleum Refining Industries

Figures referenced in this section begin on page 15, in the order they are mentioned in the text.

Discussion of Assumptions Used in Assessing Energy Use in the Pulp and Paper Industry
To determine the amount of steam used in the pulp and paper industry, process
energy data from integrated plants were combined with production data and prod-
uct type data. Production data was available for 14 basic product categories from
reference [1]. Each of these categories was assigned to an integrated pulp and
paper plant. Where necessary, the energy associated with these product categories
was adjusted with data from references [2], [3], and [4].

For example, consider unbleached kraft paper. An integrated kraft pulp and paper
plant has average thermal energy requirements ranging from 16,000 to 33,000
thousand British thermal units per ton (Btu/ton). The thermal energy required to
bleach kraft paper is about 3,000 thousand Btu/ton [2]. As a result, the range of
energy requirements for unbleached kraft paper is estimated to be 13,000 to 30,000
thousand Btu/ton. In 1994, production of unbleached kraft paper was 2,308 thou-
sand short tons. This results in a total thermal energy use for this product of
between 30 and 69 trillion Btu. The fuel use associated with this thermal energy
requirement can be determined using a reasonable fuel-to-steam conversion esti-
mate. If this conversion is 70 percent, then the fuel use associated with unbleached
kraft paper is 43 to 99 trillion Btu.

A conversion efficiency of 70 percent was calculated using boiler efficiencies for dif-
ferent fuel types. Reference [2] provides estimates of boiler efficiencies with respect
to fuel types, as shown in Figure B-1. Using Manufacturing Energy Consumption
Survey 1994 (MECS) data, the relative fuel usage for each industry was applied
against the corresponding boiler efficiency for that fuel type, resulting in the data
shown in Figure B-2.

Several different references describe the energy use of pulp and paper production
tasks. For each process, the minimum and maximum energy values were deter-
mined by comparing these different resources and selecting appropriate values. In
several cases, the minimum and maximum values for the same process were
selected from different references. For example, the thermal energy requirements
for kraft pulping processes are derived from references [2] and [3]. Reference [3]
provides thermal energy values and temperature parameters for both continuous
and batch kraft pulping processes. The batch process energy values (3,000 to 3,500
thousand Btu/ton) agree with reference [2]; however, Reference [2] is silent with
respect to continuous kraft pulping.

Similarly, temperature and steam pressure data is determined by comparing differ-
ent references. In many cases, reference [4] is used for temperature data. However,
because references [2] and [3] are more current, their data is considered more accu-
rate and is given greater weight in the event of conflicts.

Chemical Manufacturing, and Petroleum Refining Industries—Appendices Apx-11



For the purposes of this report, for process heating applications, the steam is
assumed to be saturated. This means that steam tables are used to find the pres-
sure corresponding to the process temperature.

However, in mechanical drive applications, the steam is often superheated to pro-
tect the turbine blades. The steam supplied for mechanical drive applications can
vary from plant to plant and process to process. Consequently, steam temperatures
and pressures are not identified for steam-turbine driven applications.

Evaluating Pulp and Paper Industry Boiler Capacity

Boiler capacity data is largely derived from reference [5], which is a representation
of a boiler population assembled by the Gas Research Institute. Several other
resources including references [6] and [7] were evaluated for this part of the report;
however, their inconsistencies indicated a degree of inaccuracy that discouraged
their use for estimating boiler capacity. Reference [1] can be used to assemble a
boiler population for the pulp and paper industry, but it does not address other
industries. Reference [7] describes boiler and steam system capacity for large facili-
ties, but is not intended to be a comprehensive representation of industry, focusing
rather on the large energy users. Because reference [5] attempted to reconcile the
boiler population data from several different resources, it was used to describe boil-
er capacity by size and fuel type.

Reference [7] provides data regarding steam system size and pressure. To determine
boiler capacity by pressure, three pressure groups were defined: less than 300
pounds per square inch gauge (psig); between 300 and 1,000 psig; and greater
than 1,000 psig. Steam system capacities were distributed into the appropriate cat-
egory based on their pressure. Summing the capacities for each pressure group pro-
vided a relative distribution of capacity by pressure. Applying these same propor-
tions to the boiler capacity provided by reference [5] showed how the boiler capaci-
ty is distributed by pressure. An important assumption in this step is that boiler
capacity and steam system capacity are directly proportional.

Discussion of Assumptions Used in Assessing Energy Use in the Chemical
Manufacturing Industry

To find the amount of steam generated by the chemical industry, we identified the
most energy-intensive chemical products. Combining the quantity of product pro-
duced with the amount of steam required to make a known quantity of that prod-
uct gives an estimate of the total steam needed to produce that chemical on an
industry-wide basis. Because there are over 70,000 chemical products, it is not fea-
sible to determine the unit energy requirements of each product. Similarly, the
broad range of processes that are used in chemical manufacturing make it imprac-
tical to use a process-based approach. However, by assessing the most energy-
intensive chemicals, most of the steam use in the industry can be determined.
Then the steam use that supports the production of these products can be evaluat-
ed more accurately.

The first step in identifying the chemical products was to rank the chemical indus-
try segments in terms of those that use the most thermal energy. Next, the leading
chemicals in each of these segments were identified. Subsequently, the energy
requirements of each chemical product were assessed.

In terms of each chemical product, different assumptions were made based on the
available information. Several resources were iteratively checked to determine how

Apx-12 Steam System Opportunity Assessment for the Pulp and Paper,




Appendix B

to allocate energy to each chemical product. References [8] and [4] provide energy
use estimates for most of the energy-intensive chemical products. Because Reference
[8] is a more recent effort, it was afforded higher consideration. Importantly, refer-
ence [4] was cited as a resource for reference [8]. Reference [8] was used to deter-
mine the overall steam requirement for each chemical. Reference [4] was then used
to determine how this steam should be distributed among the production processes.
In each case, conflicts between [8] and [4] were reconciled by assessing several fac-
tors including effects on overall energy, the relative balance among thermal energy
and electrical energy, and how energy is used in products that have similar produc-
tion processes.

Some chemicals, such as ethylene and ammonia, represent most of the energy use
in their respective industrial segment. In these cases, references [4], [9], [10], and
[11] were used to help determine various components of energy use. For example,
ethylene is the largest chemical product in the Industrial Organic Chemicals NEC
(SIC 2869) industrial segment. Ethylene production requires a large amount of
mechanical-drive energy to compress the process stream. Much of this energy is
motor driven (40 trillion Btu); however, a significant portion is natural gas (28 tril-
lion Btu). Although some of this natural gas is consumed in combustion turbines,
the steam intensive nature of ethylene production means that most of the turbine-
drive energy is accounted for by steam turbines. For the purposes of this report, we
assume all the natural gas in the machine-drive category for ethylene is used by
steam turbines. Consequently distributing this 28 trillion Btu over the 44.5 trillion
lbs of production results in a process steam value of 629 Btu/lb. The recovered
steam component was determined by subtracting the process steam component.

In another example, reference [11] was used to help determine the amount of
steam used in ammonia production. Reference [11] provides the amount of direct-
fired fuel used in ammonia production. Normalizing this industry-wide estimate
using production data provides steam energy on a per-pound basis. In this case,
5,062 Btu/lb of steam are assigned to ammonia. Reference [4] was then used

to allocate this energy use among the various production processes.

Evaluating Chemical Manufacturing Industry Boiler Capacity

Boiler capacity data is largely derived from reference [5], which represents an
industrial boiler population. Other resources were evaluated for this part of the
report; however, they provided incomplete and/or inconsistent indications of boiler
capacity. Reference [7] can be used to determine the boiler population among large
manufacturing facilities. However, reference [5] recognized the differences between
the various resources and attempted to reconcile them into a representative boiler
population. As a result, reference [5] was selected as the resource to use for the dis-
tribution of boiler size by capacity and fuel type.

To determine boiler distribution by pressure, data from Reference [7] for the nine
chemical industry segments was grouped by steam system pressure and by steam
system capacity. Three categories of steam system pressures were selected: less than
300 psig; between 300 and 1,000 psig; and greater than 1,000 psig. The steam sys-
tem capacity was then distributed into the appropriate pressure categories, provid-
ing a set of relative weights between these pressure groups.

Discussion of Assumptions Used to Assess Energy Data for the Petroleum Refining Industry

To determine petroleum refining steam use, reference [12] was used to determine
the amount of energy required for each refining process on a per-unit basis. The
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production capacity for 1994 was determined by trending data from reference [13].
The total energy for the industry was then calculated by combining unit energy
use for each process and the amount of production. Reference [11] was then used
to deduct the direct-fired energy component from the total energy for each process.
References [4] and [14] were then used to deduct the electric energy component,
leaving steam as the remaining energy component.

Because the energy data for the various processes are pulled directly from the listed
references, few inferences and assumptions were required in assigning the unit
energy data. However, production data was supplied in terms of capacity, rather
than actual output. As a result, an assumption of how much actual capacity was
used in 1994 is required. For the purposes of this report, because there is uncertain-
ty regarding how the capacity figure was determined, process output was assumed
to be 100 percent of capacity. This implies that the capacity and production esti-
mates are the same.

Evaluating Boiler Capacity

Boiler capacity data is largely derived from reference [5], which represents an
industrial boiler population. Other resources were evaluated for this part of the
report; however, they provided incomplete and/or inconsistent indications of boiler
capacity. For example, although reference [7] can be used to estimate the boiler
population among large manufacturing facilities, it does not attempt to be com-
prehensive. Additionally, inconsistencies among these resources indicate a level of
inaccuracy that discourages their use in assembling this part of the report.
Reference [5] recognized the differences between the various resources and attempt-
ed to reconcile them into a representative boiler population. As a result, reference
[5] was selected as the resource to use for the distribution of boiler size by capacity
and by fuel type.

To determine boiler distribution by pressure, data for the petroleum refineries in
reference [7] was grouped by steam system pressure and by steam system capacity.
Three categories of steam system pressures were selected: less than 300 psig; between
300 and 1,000 psig; and greater than 1,000 psig. The steam system capacity was
then distributed into the appropriate pressure categories, providing a set of relative
weights between these pressure groups. The boiler capacity, which was determined
from reference [5], was assumed to be proportional to the steam system capacity.
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Figure B-1. Boiler Efficiency by Fuel Type

Boiler Efficiency

Fuel Type (%)
Qil 83
Natural Gas + LPG 82
Coal 81

Bark 64
Spent Liquor 65
Other (pet coke, waste oils, tars) 70

Figure B-2. Boiler Efficiency by Industry Segment

Boiler Efficiency

Industry Segment (%)
SIC 26 7.5
SIC 2611 67.9
SIC 2621 69.9
SIC 2631 70.8
Average 70.0
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Steam System Performance Improvement Opportunity Descriptions

Steam system improvement opportunities are grouped into the following categories.

Generation

The first group of improvement opportunities are related primarily to the genera-
tion part of a steam system. These improvements are generally implemented in
and around the boiler room.

Distribution

These improvement opportunities address the distribution part of a steam system.
This part of the system consist of the piping, valves, fittings, and other components
that facilitate the transport of the steam from the boiler plant to the various points
of use. In most industrial facilities, the distribution system consists of multiple
headers that operate at different pressures.

End Use

These improvement opportunities address large steam end uses for the pulp and
paper, chemical manufacturing, and petroleum refining industries. Because steam
is used in a wide range of applications, the improvement opportunities selected for
this section were grouped together in broad categories, such as drying and distilla-
tion. These opportunities were intended to represent large end uses of steam where
energy losses could be significantly reduced.

Recovery

These improvement opportunities target the condensate recovery part of a steam
system. Condensate recovery refers to the return of condensate back to the boiler
plant. The loss of condensate and flash steam represent a loss of mass and thermal
energy that must be compensated for with the addition of makeup water.
Optimizing condensate return can improve system efficiency.

Combined Heat and Power
This improvement opportunity addresses the potential for combined heat and
power (CHP).

Generation

Minimize Boiler Combustion Loss by Optimizing Excess Air

Boilers must be fired with excess air to ensure complete combustion and to reduce
the presence of carbon monoxide and unburned fuel in the exhaust gases.
However, firing a boiler with too much excess air results in excessive stack gas loss-
es. Minimizing the amount of excess air without unsafely operating the boiler can
improve energy efficiency.
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Improve Boiler Operating Practices

Boiler operating practices refer to general boiler operation. In multiple-boiler sys-
tems, several boilers are often operated at part load. While this practice provides
some reliability benefits, there are efficiency consequences that should be consid-
ered. The particular drop off in operating efficiency during part load boiler opera-
tion depends on the design of the boiler and the amount of part load operation.
Often, boiler operating practices can be improved without sacrificing steam supply
reliability.

Repair or Replace Burner Parts

Design improvements in boilers, boiler components, and system controls have
resulted in performance and efficiency gains. As a result, modern boiler compo-
nents, especially burners, are more efficient than their older counterparts.
Upgrading burners to more efficient models or replacing worn burners can improve
boiler efficiency.

Install Feedwater Economizers

A feedwater economizer transfers heat from the combustion gases to the incoming
feedwater. Feedwater economizers increase the amount of useful energy recovered
from combusted fuel.

Install Combustion Air Preheaters

Combustion air preheaters improve efficiency by transferring available energy
from the combustion gases leaving the boiler to the incoming combustion air. By
heating the mass of the incoming air, less fuel energy is required to heat the com-
bustion gases to the desired temperature.

Correct Problems from Improper Water Treatment

Water treatment is necessary to minimize fouling and corrosion in the boiler and
steam system. Makeup water generally contains hardness minerals and dissolved
gases such as oxygen and carbon dioxide. Chemical treatment of the feedwater
reduces the presence of hardness minerals in the system. These hardness minerals
can deposit on surfaces in the boiler, reducing heat transfer and promoting poten-
tial failure risks. Although a primary purpose of water treatment is system protec-
tion, systems that are not properly treated tend to operate with fouled heat transfer
surfaces, which degrades system efficiency.

Clean Boiler Heat Transfer Surfaces

Deposits can form on either the water side or on the combustion gas side of boiler
surfaces. Although effective water treatment can minimize waterside deposits, foul-
ing on the combustion-gas side of the boiler generally depends on the fuel type
and boiler firing practices. Cleaning these surfaces improves heat transfer, which,
in turn, increases boiler efficiency.

Improve Blowdown Practices

Blowdown is important in maintaining proper boiler water properties. However,
excessive blowdown results in an avoidable loss of thermal energy and an
increased need for makeup water. The proper blowdown rate should be closely fol-
lowed.

Install Continuous Blowdown Heat Recovery

In some applications, there is a feasible opportunity to recover thermal energy
from the continuous blowdown stream. The characteristically high temperatures of
blowdown water can provide an attractive opportunity to install a heat recovery
device, reducing the thermal energy lost from the system.
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Add/Restore Boiler Refractory

Boiler refractory is used to insulate the interior surfaces of a boiler and to channel
the combustion gases in the proper path through the boiler. Degradation of the
boiler refractory reduces boiler efficiency by allowing increased surfaces losses and,
in some cases, increases stack losses. Restoring the boiler refractory can reduce
avoidable boiler efficiency losses.

Establish the Correct Vent Rate for the Deaerator
Excessive steam used to increase the temperature of feedwater in the deaerator rep-
resents an avoidable thermal energy loss.

Reduce Steam System Generating Pressure

Generating steam at higher pressure than necessary can result in energy losses
caused by the higher system surface temperatures, greater steam loss through
leaks, and potentially lower boiler efficiency caused by the reduced temperature
difference between the steam and the combustion gases. Although reducing steam
generating pressure requires a careful assessment of the system response, where
feasible, reduced steam generating pressure can provide energy savings.

Distribution

Improve Quality of Delivered Steam

Steam quality is a measure of moisture content in the steam. Poor steam quality
has an adverse effect on system equipment, particularly, valves, turbines, and heat
exchangers. Causes of poor steam quality include boiler water carryover. Boiler
water carryover can be the result of a water treatment problem, high boiler-water
level, and/or sudden drop in boiler or system pressure. A decrease in steam quality
reduces the available energy in a delivered quantity of steam. Similarly, improving
steam quality can reduce the amount of steam necessary to meet a particular set of
end-use requirements.

Implement an Effective Steam Trap Maintenance Program

Improperly operating steam traps can cause energy losses and performance prob-
lems of the steam system and steam-using equipment. Steam traps keep steam in
the steam system while allowing condensate to pass into the condensate return sys-
tem. Steam traps also allow non-condensable gases to pass into the condensate sys-
tem. The operating condition of a steam trap is not generally easy to detect by
casual observation. Additionally, steam trap failures often create problems that are
discovered far away from the failed trap. As a result, a formal management pro-
gram utilizing all disciplines is generally the best way to minimize the number of
failed traps at any given time in a steam system.

Ensure the Steam System Piping, Valves, Fittings, and Vessels are Well
Insulated

Insulation reduces energy losses from the system surfaces. Insulation also reduces
the outer surface temperature of steam piping or equipment, which decreases the
risk of burns. Well-insulated piping delivers steam to end-use equipment at higher
temperatures and pressures than poorly insulated piping.

Minimize Vented Steam

Most industrial steam systems have several operating pressures because of the vari-
ous service requirements of end uses. Headers that have more steam than is
required by the end uses on that header must send the steam to another header,
store it in an accumulator, or vent it. Venting steam represents an energy loss and
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requires the addition of makeup water (see the discussion on improved condensate
recovery). Improving system operation such that less steam needs to be vented
increases energy efficiency.

Repair Steam Leaks

Steam leaks represent a direct loss of thermal energy. Steam leaks increase the
amount of boiler output necessary to meet end-use requirements and increase the
amount of makeup water required.

Isolate Steam from Unused Lines

In some facilities, changes in end-use requirements eliminate the need to send
steam to some headers. Continuing to supply steam to a header that does not have
active end uses results in avoidable energy losses that include heat transfer to the
surrounding environment and steam leaks. In many cases, isolating steam to these
headers can provide significant energy savings.

Improve System Balance

Improving system balance refers to matching the amount of steam supplied to
each header to the steam end-use requirements on each header. Systems that are
not efficiently balanced often have avoidably high steam losses caused by venting,
relief valve trips, and/or steam leaks. High steam flows through pressure-reducing
valves can result in superheated steam which often must be desuperheated before
it is sent into sensitive end-use equipment to prevent damage. Improving system
balance can be achieved using backpressure turbines and steam accumulators.

Plant-Wide Maintenance

Plant-wide maintenance refers to general system management practices. Proactive
system management often allows the discovery and resolution of problems before
they worsen and cause damage or avoidably high operating costs. In general,
plants that promote employee awareness regarding the indications of trouble and
the costs of problems operate more efficiently and more reliably.

End Use

Optimize Steam Use in Pulp and Paper Drying Applications

Drying processes represent a significant energy use for pulp and paper facilities.
Many pulp and paper facilities have opportunities to improve the efficiency of
their steam use in these applications through equipment upgrades or by reducing
avoidable thermal losses.

Optimize Steam Use in Pulp and Paper Air Heating Applications

Pulp and paper facilities may have opportunities to improve the efficiency of their
steam use in air heating applications through equipment upgrades or by reducing
avoidable thermal losses.

Optimize Steam Use in Pulp and Paper Water Heating Applications

Pulp and paper facilities may have opportunities to improve the efficiency of their
steam use in water heating applications through equipment upgrades or by reduc-
ing avoidable thermal losses.

Optimize Steam Use in Chemical Product Heating Applications
Chemical manufacturing facilities may have opportunities to improve steam use
efficiency in product heating applications.

Optimize Steam Use in Chemical Vacuum Production Applications
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Chemical manufacturing facilities may have opportunities to improve steam use
efficiency in vacuum production applications.

Optimize Steam Use in Petroleum Refining Distillation Applications
Petroleum refineries may have opportunities to improve steam use efficiency in
refining distillation applications.

Optimize Steam Use in Petroleum Refining Vacuum Production
Applications

Petroleum refineries may have opportunities to improve steam use efficiency vacu-
um production applications.

Recovery

Improved Condensate Recovery

Increasing condensate recovery results in several benefits. The loss of condensate
from the system must be compensated for by adding makeup water. Because make-
up water is generally much cooler than condensate and requires chemical treat-
ment, reducing makeup water use reduces energy and treatment chemical use.

Use High-Pressure Condensate to Generate Low-Pressure Steam

In many systems, returning condensate contains significant amounts of thermal

energy. Often, the condensate has enough thermal energy to provide a source of

low-pressure steam. Using high-pressure condensate to supply low-pressure steam
headers is often more efficient than stepping down boiler generated steam to this
pressure.

Combined Heat and Power
Implement a Combined Heat and Power (Cogeneration) Project
A CHP application produces electric power and thermal energy. The feasibility of

these systems depends on a wide range of factors, including the plant’s require-
ments for electric and thermal energy, and the relative prices of fuel and electricity.
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Steam System Performance Improvement
Opportunity Questionnaire Description

To gather the data for this report, a questionnaire was sent to each of the industry
experts. This appendix contains an abbreviated version of this questionnaire to
provide an indication of how the queries were presented. The original question-
naire was 30 pages. A full page was devoted to each performance improvement
opportunity in an attempt to make it easier for the experts to flip around and to
promote marking the document with insights and comments. A standard response
section was used for most of the performance improvement opportunities; as a
result the questionnaire is largely repetitive.

The introductory section to the questionnaire is provided. However, instead of
including the full questionnaire, the standard response sheet is provided and
opportunities associated with this standard section are listed.

Several of the opportunities required a special set of queries. The questionnaire
pages devoted to these opportunities are attached.

Finally, a page was devoted to steam system management practices. These queries
were intended to determine how facilities make steam system management deci-
sions. This questionnaire page is also provided.

Introduction to the Questionnaire
The questionnaire was presented to the experts as follows.

Background

BestPractices Steam is a part of the U.S. Department of Energy’s strategy to increase
the competitiveness of the nation’s most energy-intensive industries. BestPractices
Steam has sponsored many important efforts to increase awareness regarding the
cost savings and performance benefits of steam system improvements. As a contin-
uing part of this strategy, BestPractices Steam has selected three of the most steam-
intensive industries—pulp and paper, chemical manufacturing, and petroleum
refining—and has estimated the amount of fuel used and the amount of steam
generated by each of them. The next step is the purpose of this questionnaire.

Description

This questionnaire requests information regarding steam system performance
improvement opportunities. Some of the opportunities are industry specific.
However, because most of the performance improvement opportunities are applica-
ble to all three industries, we request that, if possible, you indicate how the answers
differ, if at all, between each industry.

Any comments and insights are appreciated, so please provide observations and

remarks. At the end of the list of opportunities, we request additional responses
regarding general steam system management practices. Understanding the steam
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system decision-makers and the important factors that affect their management
practices can help improve the effectiveness of this project. We appreciate your par-
ticipation and assistance in making this important effort as useful as possible.

Organization of the Improvement Opportunities
This questionnaire is organized into five sections:

A. Generation. These opportunities relate to the boiler, its supporting systems, and
operating practices.

B. Distribution. These opportunities relate to the distribution portion of the steam
system.

C. Industry-Specific End Uses. These opportunities relate to end-use applications
that are specific to the three targeted industries, pulp and paper, chemical manu-
facturing, and petroleum refining.

D. Recovery. These opportunities are associated with the condensate return system.

E. Combined Heat and Power. This opportunity addresses the potential benefits of
implementing combined heat and power projects.

Standard Query Format

Typical Amount of Fuel Savings Applicable Reasons for Implementing—Check if
] <% Implemented, and Rank In Order of Significance
[ 1-2% Implemented Rank Reasons for Implementing
[ 25% ] [ Energy Savings
[ 5-10% ] [] Performance improvement
[ >10% (improved export steam
[ Specific estimate, if known quality, better system

response)

Typical Payback L] [ ] Increased capacity
[ <1 month ] ] Improved reliability
[ 1-6 months 1 [ 1 Reduced maintenance
[ 6 months-1 year 1 [] Safety/environmental
[ 1-2years L] (] Other
[ 2-3years
[ >3 years

Remarks:
[ Specific estimate, if known

Percentage of Facilities for
Which this Opportunity is Feasible

[] < 5% of facilities

[ 5-10% of facilities

[] 10-20% of facilities

[ 20-50% of facilities

[ >50% of facilities

[ Specific percentage, if known
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Example
To illustrate the response for a typical performance improvement opportunity, con-
sider the following example:

A steam system auditor has found that of the chemical manufacturing plants they
have assessed, 7 to 8 percent (roughly 1 out every 12 facilities) can feasibly install
economizers. The average fuel savings achieved by these economizers is 3 percent
and a typical payback for these installations is 9 months. The reason for installing
these economizers was energy savings.

Opportunities That Were Assigned the Standard Query

The following opportunities were assigned to the format shown in the previous
example. Each opportunity was assigned to a page for clarity and to encourage
participants to provide comments.

Al. Minimize Boiler Combustion Loss by Optimizing Excess Air. This opportunity
includes improvements to boiler efficiency by adjusting flue gas oxygen content

(excess air). Examples include changing automatic oxygen control set points, peri-
odic tuning of single set point control mechanisms, installing automatic flue gas
monitoring and control, fixing broken baffles, and repairing air leaks into the boiler.

Example Query

Typical Amount of Fuel Savings Applicable Reasons for Implementing—Check if
] <% Implemented, and Rank In Order of Significance
[ 11-2% Implemented Rank Reasons for Implementing
@ 2-5% Energy Savings
[ 5-10% ] [] Performance improvement
[ >10% (improved export steam
Specific estimate, if known quality, better system

response)

Typical Payback 1] [ 1 Increased capacity
[ <1 month 1] [ 1 Improved reliability
[ 1-6 months 1 [ 1 Reduced maintenance
M 6 months-1 year L] [] safety/environmental
[ 1-2 years L] (] Other
[ 2-3years
[ >3 years Remarks:

Specific estimate, if known About 75 percent of the chemical manufacturing facili-

ties already have economizers. In most of the other
Percentage of Facilities for
Which this Opportunity is Feasible

% <5% of facilities the investmen.
5-10% of facilities

[ 10-20% of facilities

[ 20-50% of facilities

[ >50% of facilities

[ Specific percentage, if known
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A2. Improve Boiler Operating Practices. Examples include increasing individual
boiler efficiency in multiple boiler systems by operating it at a higher load; reduc-
ing boiler cycling (standby losses) and purge losses; and/or increasing turndown
ratio.

A3. Repair or Replace Burner Parts. Examples include installing more efficient
burners or replacing worn parts.

A4. Install Feedwater Economizers. Install heat exchangers to transfer available
thermal energy in the exhaust gases to boiler feedwater.

AS5. Install Combustion Air Preheaters. Install a heat exchanger to transfer thermal
energy from the exhaust gases to the incoming combustion air.

A6. See diagram page 29 of this section.

A7. Clean Boiler Heat Transfer Surfaces. Remove deposits on waterside and/or fire-
side heat transfer surfaces.

A8. Improve Blowdown Practices. Reduce excessive blowdown rate.

A9. Install Continuous Blowdown Heat Recovery. This opportunity involves the
installation of a flash steam recovery tank and/or a heat exchanger in the contin-
uous blowdown stream line, reducing thermal energy loss.

A10. Add/Restore Boiler Refractory. Reduce shell losses from the boiler.

A1l1. Establish the Correct Vent Rate for Deaerator. Reduce excessive steam flow
from the deaerator without allowing O, content to exceed specifications.

A12. Reduce Steam System Generating Pressure. This opportunity addresses the
benefits of reducing steam pressure where feasible. This can result in reduced ener-
gy lost from the piping surfaces and reduced steam and condensate losses from
leaks. Systems with steam turbines do not benefit from reducing supply steam pres-
sure. However, they do experience an improvement in performance as exhaust
pressure is decreased.

B1-B3. See diagrams on pages 30 to 32 of this section.

B4. Minimize Vented Steam. This opportunity refers to improvements that reduce
the amount of steam released caused by an oversupply. Steam oversupply general-
ly results from poor boiler steam output control, insufficient boiler turndown, errat-
ic steam demand, excessive numbers (capacity) of back-pressure turbines operat-
ing, and failed steam traps discharging live steam into lower pressure steam sys-
tems. Common methods used to eliminate vent steam include replacing steam tur-
bines with electric motor drives, improving boiler controls, installing steam accu-
mulators, and replacing failed traps.

B5. Repair Steam Leaks. Keeps thermal energy and steam in the system. (Note:
vented steam is addressed in another opportunity.)

B6. Isolate Steam from Unused Lines. This opportunity addresses the benefit of iso-
lating unused lines, both in terms of the reduced heat loss from the piping surface
and the loss of steam and condensate through leaks.
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B7. Improve System Balance. This opportunity addresses changes in operating
practices that result in benefits, such as a reduced amount of steam vented from a
system header or higher power generation from a steam turbine (reducing pur-
chased power costs).

B8. See diagram on page 38 of this section.

C1. Optimize Steam Use in Pulp and Paper Drying Applications. The pulp and
paper industry uses large amounts of steam for drying. An example of improving
this steam use includes replacing a single-effect dryer with a multiple-effect dryer.

C2. Optimize Steam Use in Pulp and Paper Air Heating Applications. This opportu-
nity includes improvements in the equipment or the operation of steam air heat
exchangers.

C3. Optimize Steam Use in Pulp and Paper Water Heating Applications. This
opportunity includes improvements in the equipment or the operation of steam-
supplied process water heat exchangers.

C4. Optimize Steam Use in Chemical Product Heating Applications. This opportu-
nity includes improvements in the equipment or the operation of steam-supplied
product heating services.

C5. Optimize Steam Use in Chemical Vacuum Production Applications. This oppor-
tunity includes improvements in the equipment or the operation of steam ejectors.

C6. Optimize Steam Use in Petroleum Refining Distillation Applications. This
opportunity includes improvements in the equipment or the operation of steam-
supplied end uses.

C7. Optimize Steam Use in Petroleum Refining Vacuum Production Applications.
This opportunity includes improvements in the equipment or the operation of
steam ejectors.

D1. Optimize Condensate Recovery. This opportunity refers to the improvements
that allow more condensate to be returned to the boiler. Examples include
installing condensate recovery piping, reducing condensate leaks, and correcting
sources of condensate contamination.

D2. Use High-Pressure Condensate to Make Low-Pressure Steam. This opportunity
addresses improvements that allow the recovery of useful energy from condensate,
such as installing flash steam separators in a condensate line that results in sup-
plying low-pressure steam for space heating.

El. Implement Combined Heat and Power (Cogeneration) Project. This opportunity
includes a wide range of cogeneration alternatives, including the installation of
backpressure turbines to generate electricity or to displace electricity in mechanical-
drive applications, and/or the installation of a heat recovery steam generator
(HRSG) on a combustion turbine.

Opportunities That Required a Special Format

Several of the opportunities require a different response format. These opportunities
have one or more characteristics—the way the improvements are normally imple-
mented or the way the system benefits are realized—that require a unique
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approach to gathering data about their effects on system performance or efficiency.
For example, improving the water treatment program usually does not result in an
efficiency increase; rather, such an improvement reduces the factors that create
degrade system efficiency over time. As a result, although steam systems that have
effective water treatment programs will operate more efficiently than those with
poor water treatment programs, improving water treatment will not result in an
immediate efficiency gain.

Another example is steam trap management. Steam traps serve in a wide range of
systems and applications. There are differences in trap types and trap sizes and a
very wide range of trap service requirements. Although the energy losses associated
with repairing a failed trap can be calculated if enough data about that trap’s
service can be gathered, the variations in trap failure costs across industry, and
even across a single steam system, complicate getting a representative fuel savings
estimate. However, seeking input regarding the differences in facility approach to
steam trap management can provide an indication of the improvement potential
for this opportunity.

The opportunities that required a special response format included:

e Correct Problems from Improper Water Treatment

e Improve Quality of Delivered Steam

e Implement an Effective Steam Trap Maintenance Program

e Ensure that Steam System Piping, Valves, Fittings, and Vessels are Well
Insulated

e Improve Plant-Wide Testing/Maintenance Practice.

Apx-28 Steam System Opportunity Assessment for the Pulp and Paper,



Appendix D

A6. Correct Problems from Improper Water Treatment

Water treatment is a broad category that has an effect on many types of operating practices. However, we are

trying to determine the fuel savings that can be associated with effective water treatment practices in contrast to
plants that do not adhere to effective water treatment programs. We have selected three categories of water
treatment and are looking for estimates of the fuel savings associated with improving poor water treatment

practices.
Typical Amount of
% of Facilities Fuel Savings (%)
A. Water treatment practices are excellent, cannot ]
be improved with economically attractive
projects
L] [
B. Water treatment practices are good; some
improvement is possible, but the incremental
benefit is small
L] [
C. Water treatment practices are inadequate
100% Total

Facilities often improve water treatment practices to avoid the onset of system problems rather than to reduce
fuel use. Please indicate the typical significance of the problems that facilities seek to avoid when implementing
water treatment improvement.

Problem Rank in Terms of Significance
Waterside fouling

System corrosion

Increased blowdown requirements
Wet steam generation

Other

Jooou

Remarks:
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B1. Improve Quality of Delivered Steam

Steam quality can be improved in several ways, including optimizing boiler operation/controls and better water

treatment.

Typical Amount of Fuel Savings
<%
] 1-2%
[ ] 2:5%
[ ] 510%
[ >10%
[ Specific estimate, if known

Typical Payback

[ <1 month

[ 1-6 months

[] 6 months-1 year

[ 1-2 years

[ 2-3 years

[ >3 years

[ Specific estimate, if known

Percentage of Facilities for
Which this Opportunity is Feasible

[ <5% of facilities

[ 5-10% of facilities

[ 10-20% of facilities

[ 20-50% of facilities

[ >50% of facilities

[ Specific percentage, if known

Applicable Reasons for Implementing—Check if
Implemented, and Rank In Order of Significance

Implemented Rank Reasons for Implementing

] Energy savings
]

il

Performance improvement
(improved export steam
quality, better system
response)

Increased capacity

Improved reliability

Reduced maintenance

Safety/environmental

Other

Jooun
Joout

Remarks:

Poor steam quality can have many effects on a system in addition to increased fuel use. Based on your experi-

ence, please rank the significance of the problems caused by poor steam quality.

Rank in Terms of Significance

Reduced equipment life [

Decreased process heat transfer ]

Steam trap failure ]

Other [
Remarks:
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Appendix D

B2. Implement an Effective Steam Trap Maintenance Program

A facility that follows a formal steam trap maintenance program will operate more efficiently than one that does

not. Key characteristics of an effective trap maintenance program include selection, testing, recording, and
maintaining. Although effective steam trap maintenance provides other important benefits, such as better steam
quality and decreased risk of water hammer, we are requesting estimates of the available fuel savings.

% of Facilities  Typical Amount of Fuel Savings (%)

A. The facility has an effective formal trap [
maintenance program

B. Traps are maintained informally, and a more (| ]
effective program can be feasibly implemented.

C. The facility does not maintain their traps ] ]

100% Total

Where steam trap maintenance can be improved, please indicate the payback period associated with the
improvement and the reasons for the implementation.

Typical Payhack Applicable Reasons for Implementing—Check if
Implemented, and Rank In Order of Significance
[ <1 month
[ 1-6 months Implemented Rank Reasons for Implementing
[ 6 months-1 year 1 [ 1 Energy savings
[ 1-2 years ] [] Performance improvement
[ 2-3years (improved export steam
[ >3 years quality, better system
[ Specific estimate, if known response)
] [ ] Increased capacity
1] [ 1 Improved reliability
] 1 Reduced maintenance
] [ ] Safety/environmental
] [] Other
Remarks:
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B3. Ensure that Steam System Piping, Valves, Fittings, and Vessels are Well-Insulated

If the steam system insulation is condition C or D (as described below), the system will operate less efficiently
than facilities with insulation at condition A or B. The data we seek is the efficiency difference that can be
explained between the two conditions. The efficiency gain is the best estimate that can be made by moving from
a C facility or D facility respectively to one that has a feasible level of insulation.

Typical Amount of

% of Facilities Fuel Savings (%)

A. Insulation is excellent, cannot be improved ]
B. Insulation is good. Although it can be improved, (| ]

the benefits don’t satisfy hurdle rate
C. Insulation is inadequate in many places and ] ]

improvement opportunities exceed hurdle rate
D. The steam system is essentially uninsulated ] ]

100% Total

Where insulation can be improved, please indicate a typical payback period associated with implementing the
improvement and the reasons for the implementation.

Typical Payback Applicable Reasons for Implementing—Check if
Implemented, and Rank In Order of Significance
[ <1 month
] 1-6 months Implemented Rank Reasons for Implementing
[ ] 6 months-1 year 1 [ 1 Energy savings
[ 1-2years ] [ ] Performance improvement
[ 2-3 years (improved export steam
[ >3 years quality, better system
[ Specific estimate, if known response)
] [ 1 Increased capacity
] 1 Improved reliability
[ [1 Reduced mai